a b s t r a c t
Introduction
The World Health Organization (WHO) has developed, through an international consensus statement, a Surgical Safety Checklist aimed to improve the safety of patients undergoing surgical procedures, since safety measures are often not adequately implemented, even in referral centers. 1 The morbimortality associated to postoperative infections deserves special attention in patient care. Also, with the use of improper antibiotic prophylaxis patients are not adequately protected, may suffer adverse effects of these drugs, and more resistant strains can be selected.
Surgical infection remains an issue, being the third most frequent cause of nosocomial infection and affecting 14-16% of hospitalized patients. In surgical patients, postoperative wound infection is the most common cause of nosocomial infection, accounting for 77% of deaths. Patients who develop infection double the chance of dying compared to patients who undergo the same procedures without infection. 2 A nation-wide study conducted by the Brazilian Ministry of Health, in 1999, obtained a rate of surgical site infection (SSI) of 11% of the total surgical procedures assessed. This rate is more significant because of the factors related to the hospitalized population and the procedures carried out in health services. 3 Antibiotic prophylaxis is aimed to reduce the incidence of SSI by preventing the development of infection caused by organisms that colonize or contaminate the surgical site. The main target of antibiotic prophylaxis is the wound. Antibiotics are administered to the patient to reduce the bacterial load, so that it does not overwhelm the host natural defenses, causing infection. 4 The adequate use of perioperative antibiotic prophylaxis can reduce the rate of SSI in up to 50%. 1 Efforts have been undertaken to establish guidelines for the appropriate use of antibiotic prophylaxis. These guidelines are designed to provide professionals with a standardized approach to rational, safe and effective use of antimicrobial agents for the prevention of SSI, and their content is based on current available clinical evidence, besides emerging issues. 5 Although the principles of antimicrobial prophylaxis in surgery are clearly established and several guidelines have been published, the implementation of these guidelines has been impaired by multiple factors. 6 Some possible reasons include the difficulty encountered by professionals to update their knowledge, their dependence on habits originated in clinical practice rather than in evidence, the lack of policies, and failures in the implementation of norms and institutional guidelines. 7 In view of the aforementioned, the present review aimed to assess the adherence to guidelines for surgical antibiotic prophylaxis, by analyzing studies on the application of local, national and/or international guidelines.
Material and methods
The present Systematic Review was developed according to the methodology recommended by the Brazilian Cochrane Collaboration center and was approved by the Research Ethics Committee of Hospital Universitário Gaffrée and Guinle/UNIRIO.
The review included the articles published from July 2004 to July 2014, based on the following databases: Medline (via PubMed), Scopus and Portal da BVS (with selection of Lilacs and Cochrane databases). The search strategies were designed according to the specificity of each database, considering three main research indexes: title, abstract, and subject for Scopus and Lilacs, and title and topic for Pubmed. Whenever possible, the strategies were elaborated with the controlled vocabulary subject descriptors of Mesh/Medline and DeCs/BVS. Besides, free text terms searched in the main periodicals, as well as in references, abstracts and comments of related articles were used to increase the sensitivity of the search. The search was combined with Boolean operators "OR" for addition and "AND" for the list of terms. No idiom filters were applied.
The terms used in the search were translated into controlled vocabulary according to the research variables and the following representation of subject and free text terms was observed: Antibiotic prophylaxis, prophylactic antibiotic, antimicrobial prophylaxis, prophylaxis, surgery, surgical patient, surgical wound infection, postoperative wound infection, surgical procedure, operative, operative surgical procedure, guideline adherence, evaluation, adherence, surveillance, appropriate, appropriateness.
Inclusion criteria for selection of articles were:
• Population: studies in patients aged 18 or over;
• Articles portraying themes related to adherence to guidelines for surgical antibiotic prophylaxis;
• Studies on surgical procedures on the following specialties: gynecology, urology, vascular surgery, otorhinolaryngology, neurosurgery, thoracic surgery, general surgery, plastic surgery. 2. Exclusion criteria for selection of articles were:
• Articles whose main purpose was to correlate antibiotic prophylaxis to the occurrence of SSI;
• Articles exclusively or mostly on:
• Pediatric patients;
• Emergency procedures and/or trauma;
• Endoscopic exams;
• Surgical procedures of the following specialties: cardiac surgery, orthopedics, odontology, oral and maxillofacial surgery, dermatology, ophthalmology and obstetrics.
The outcomes assessed in the 18 selected studies were as follows: (1) appropriate indication of antibiotic prophylaxis; (2) inappropriate indication of antibiotic prophylaxis; (3) antibiotic administration at the correct time; (4) correct antibiotic choice; (5) adequate discontinuation of antibiotic; and (6) adequate antibiotic prophylaxis.
The outcomes of interest analyzed in the articles were considered appropriate or not, according to the observance of predefined parameters of antibiotic prophylaxis protocols/guidelines adopted in each article. The antibiotic prophylaxis was considered adequate when there was adherence to the criteria established in the guidelines adopted in each study.
Each article was assessed by two independent reviewers and all data were extracted by these reviewers. Details on population, themes, type of surgical procedures, appropriate indication of antibiotic prophylaxis, inappropriate indication, antibiotic administration at the correct time, correct antibiotic choice, adequate discontinuation of antibiotic, and adequate antibiotic prophylaxis were independently extracted. A third reviewer was consulted in the event of a disagreement.
Results
The terms used in the search of databases can be seen in Table 1 .The search recovered 859 articles that were stored in the EndNote Web reference management software, and 35 articles were found to be duplicates. After assessment of the titles and abstracts of the 824 articles identified, 795 articles were excluded because they included unrelated or unsuitable subjects. Of the 29 articles eligible for analysis, 12 full-text articles were excluded:
• Six articles concerned questionnaires on the experience of surgeons in antibiotic prophylaxis. The purpose of this review was to assess adherence to guidelines in surgical procedures that were actually performed.
• Four articles concerned studies on adherence to guidelines before and after educational interventions.
• Tw o non-recovered articles: (1) One article obtained by manual search was added to the remaining full 17 articles, totaling 18 studies that were included in the synthesis (Fig. 1) .
The general characteristics of the reviewed studies are described in Table 2 . Of the studies included in the synthesis, nine were conducted in Europe, four in Asia, two in Oceania and three in America. Regarding the study designs, there were eight cross-sectional studies and 10 cohort studies (seven prospective and three retrospective), with levels of evidence ranging from IV to VI. 8 The sample sizes ranged between 84 and 545,322 individuals. Regarding the surgical specialties contemplated, the studies involved General surgery (four studies), Otorhinolaryngology (one), Gynecology (two), Urology (one), and 10 studies involved multiple Articles identified in databases (n=859) duplicates ( Biblioteca Virtual em Saúde (Virtual health library): (tw:(mh:"guideline adherence" OR mh:"fidelidade a diretrizes" OR evaluation OR avaliação OR adherence OR aderência OR surveillance OR vigilância OR appropriate OR apropriada OR appropriateness OR adequaç ão)) AND (tw:(mh:"antibiotic prophylaxis" or antibiotic prophylaxis or prophylactic antibiotic or antimicrobial prophylaxis or prophylaxis or mh:"antibioticoprofilaxia" or antibioticoprofilaxia or antibiótico profilático or profilaxia antimicrobiana or profilaxia)) AND (tw:(mh:"surgery" or cirurgia or surgical patient or paciente cirúrgico or mh:"surgical wound infection" or surgical wound infection or postoperative wound infection* or mh:"infecção da ferida operatória" or "infecção da ferida operatória" or "infecção de ferimento pós-operatório" or surgical procedure or mh:"surgical procedure, operative" or operative surgical procedure or procedimentos cirúrgicos operatórios)) Scopus: TITLE-ABS-KEY (("guideline adherence" OR evaluation OR adherence OR surveillance OR appropriate OR appropriateness))) AND (TITLE-ABS-KEY(("Antibiotic prophylaxis" OR "prophylactic antibiotic" OR "antimicrobial prophylaxis" OR prophylaxis))) AND (TITLE-ABS-KEY((surgery OR "surgical patient" OR surgical wound infection* OR postoperative wound infection* OR surgical procedure* OR "surgical procedure operative" OR "operative surgical procedure"))) AND (EXCLUDE(SUBAREA, "DENT")) 382 articles recovered The articles included used the following guidelines for antibiotic prophylaxis, considering that some studies adopted more than one type of guideline/protocol:
• Local and/or national guidelines:
• Significant variations were observed in all assessed outcomes of interest, as described in Table 3 and listed below:
• For the outcome appropriate indication of antibiotic prophylaxis, of the 18 studies selected, only five addressed this aspect. These studies contained a prevalence of 70.3% to 95% of adequate indication (N= 717 and 2835, respectively). The surgical specialties studied in the five articles that addressed this outcome were exclusively Urology (one article), exclusively General Surgery (one article), exclusively Gynecology (one article), and multiple specialties (two articles).
• Six studies addressed the outcome inappropriate indication of antibiotic prophylaxis, with results varying from 2.3% to 100% (N = 545,322 and 12 colorectal surgeries, respectively).
The surgical specialties studied in the six articles that addressed this outcome were: exclusively General Surgery (two articles), exclusively Gynecology (one article), and multiple specialties (three articles).
• Regarding the outcome administration of antibiotic at the correct time, it was assessed in 14 studies, with percentages ranging from 12.73% to 100% (N = 420 and 890, respectively). The surgical specialties studied in the 14 articles that addressed this outcome were: exclusively General Surgery (five articles), exclusively Otorhinolaryngology (one article), exclusively Urology (one article), and multiple specialties (seven articles).
• Correct antibiotic choice was described in 10 studies, with values ranging from 22% to 95% (N = 97 in cholecystectomies and 803, respectively). The surgical specialties studied in the 10 articles that addressed this outcome were: exclusively General Surgery (four articles), exclusively Urology (one article), and multiple specialties (five articles).
• The outcome adequate discontinuation of antibiotic was described in nine studies, ranging between 5.8% and 91.4% (N = 1000 and 100, respectively). The surgical specialties studied in the nine articles that addressed this outcome were: exclusively General Surgery (four articles) and multiple specialties (five articles).
• For the outcome adequate antibiotic prophylaxis, 13 studies showed percentages ranging from 0.3% to 84.5% (N = 1000 and 2835). The surgical specialties studied in the 13 articles that addressed this outcome were: exclusively General Surgery (two surgeries), exclusively Urology (one article), exclusively Gynecology (one article), and multiple specialties (nine articles).
Discussion
Antibiotic prophylaxis is aimed to reduce the incidence of SSI. Ideally, it should ensure that an adequate concentration of an appropriate antimicrobial agent is present in the blood, tissues, and surgical wound during the entire time the incision is open and at risk of bacterial contamination. The selection and duration of antibiotic prophylaxis should cause the least possible impact on the patient microbiota. 25 Therefore, it is extremely important to observe the guidelines for administration of a correct antibiotic prophylaxis.
It is important to consider human factors as a cause of non-adherence to prophylaxis protocols. The physicians were used to follow their 'own guidelines' as they had been trained in a wrong way in the past. Although guidelines are revised regularly, it is observed that there is a lack of awareness of these revised versions by doctors. It is a challenge to disseminate evidence-based knowledge systematically into clinical practice. 6 The effect on clinical behavior is also related to financial issues, such as malpractice insurance costs and managed care systems. 26 The busy practitioner who seeks an excuse for the difficulty he or she faces in keeping up to date with evidence-based medicine should rely on formal clinical guidelines as an acceptable means of adopting safe clinical practice. This will hopefully reduce the haphazard abuse of antibiotic administration and its undesirable consequences. 7 Because of the diversity of guidelines adopted in the different studies, it has been difficult to compare adherence to guidelines regarding the outcomes of interest in the present review. The comparisons of results between the studies should be made with caution, as the discrepancies can be partly attributed to factors such as: populations of different studies, studies conducted in different countries, comparison of studies on a single type of surgical procedure or between very different surgical specialties, different methods used in the studies, different guidelines of antibiotic prophylaxis adopted (including in the same study), partial analysis of outcomes of interest in some studies (only in the cases where the administration of antibiotics was appropriately indicated), and the possibility of incomplete records in patient charts. Levy et al., 27 in their report, have already observed that the internal validity (methodological rigor) and external validity (generalizability) of studies on surgical antibiotic prophylaxis are poor and even the results may be context-sensitive. The outcome adequate antibiotic prophylaxis was the second outcome most described in the reviewed studies, with 13 studies addressing this parameter. Antibiotic prophylaxis was considered adequate when there was adherence to the criteria established in the guidelines adopted in each study. Even when adherence to guideline was 84% in one of the studies, antibiotic prophylaxis was considered inadequate in all the studies, which is consistent with Bratzler 28 who states that, although the administration of chemoprophylaxis in surgery is well-accepted and standardized, surgeons not always adhere to the existing guidelines. According to the same author, given the wide range of evidence-based recommendations, appropriate antimicrobial prophylaxis should be a practice relatively easy to implement. However, many patients are still undergoing surgeries without a satisfactory antibiotic prophylaxis.
Of all the outcomes defined for analysis in this review, the one that was least addressed by the selected studies was appropriateness of indication of antibiotic prophylaxis, which was addressed in five studies only. Despite the prevalence of more than 70.3% of the studies, and of the lower variability in the results when the studies were compared, in none of them appropriate indication of antibiotic prophylaxis was satisfactory. The second outcome less evaluated in the studies was inappropriate indication of antibiotic prophylaxis and it showed the highest variability among studies. The results obtained for the two above-mentioned outcomes demonstrate that the practices adopted do not observe the recommendations made by Tavares, 29 who reports that the prophylactic use of antimicrobials in surgery is justified if there is high risk of surgical wound infection, or if this infection may generate severe consequences. The McDonnell Norms Group 30 addresses adverse consequences such as direct toxicity, change in the normal microbiota, and promotion of bacterial resistance, when antibiotics are inappropriately prescribed.
The nine studies where appropriate discontinuation of antibiotic was described also showed a significant variation, ranging from 5.8% to 91.4%. The adherence of the studies with this outcome was not considered satisfactory and is not consistent with authors that claim that a more prolonged administration of prophylactic antibiotics did not favor the prevention of surgical wound infection, and may encourage the development of microbial resistance, in addition to being costly to patients, increasing the direct costs of care. 31, 32 Of the 18 studies reviewed, 10 described the correct antibiotic choice, and also showed discrepant results, with values ranging from 22% to 95% and poor adherence to the guidelines. Bratzler et al. 5 claim that the antimicrobial agent selected must be active against the most common pathogens that occur in the surgical site, considering the safety profile and patient allergy to certain antibiotics. It is desirable that the antibiotic chosen be cheap, of low toxicity and with a half-life sufficiently prolonged to maintain adequate concentration until the wound has been closed. 31 Most studies selected analyzed the outcome administration of antibiotic at the correct time. Out of the 14 studies included, only one showed 100% adherence to the adopted guideline, while the remaining 13 did not show adequate results, in disagreement with the current regulations. According to Bratzler, 25 antibiotic prophylaxis aims to achieve blood and tissue levels of the drug that exceed the minimum inhibitory concentration (MIC) for the microorganisms likely to be encountered. Therefore, antibiotics should be administered at the correct time. The success of antimicrobial prophylaxis requires the availability of the drug at the surgical site before contamination occurs. 5 It is important to stress that the moment considered appropriate for antibiotic administration varied between the guidelines adopted in the studies reviewed.
After analysis of the studies selected for this review, the great variability of methods used in the study of the subject, and in most cases the design of the study generated low levels of evidence (IV and VI), with the absence of randomized clinical trials on the theme.
Antibiotics cannot be indiscriminately administered to any surgical patient in order to prevent postoperative infections. Such use is not only unnecessary in many surgical situations but it also makes the treatment more expensive and contributes to the selection of resistant organisms. In addition, it can be harmful, due to the side-effects of antibiotics. It is up to the medical professionals involved to observe the essential principles of asepsis and antisepsis, recommending the prophylactic use of antibiotics for the surgery, choose the adequate drug, administer at the correct time and discontinue antibiotic prophylaxis at the appropriate time. 29 According to Salkind, 33 the professionals that give support to surgical procedures have the opportunity to interfere in order to reduce the incidence of SSI when they understand which surgeries require the administration of prophylactic antibiotics, which antibiotic is appropriate, and when it should be administered and discontinued.
Finally, we observed that all the studies reviewed concluded that greater adherence to the guidelines for surgical antibiotic prophylaxis is required. It is clearly necessary that hospital managers and doctors become involved in initiatives aimed to the application of guidelines. 23 Therefore, surgeons and anesthesiologists, the professionals who decisively contribute to the reduction of postsurgical infectious complications of patients, are essential in this scenario.
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